Introduction
============

Many researchers, especially psychologists and scientists, have great interest in the human face due to the extremely well-developed ability of humans to recognize, process, and get information from others' faces for a long time ([@B31]). Facial attractiveness exerts significant social consequences. Such as, beauty has an impact on upward economic mobility, especially for women ([@B22]; [@B18]), and attractive people tend to have more dates than less attractive people ([@B47]). People report that they are more satisfied with their dates when they dated with attractive individuals ([@B57]; [@B5]). Some women and men admit to being extremely concerned with good looks when looking for potential partners ([@B9]; [@B30]). In addition, attractiveness can also affect judgments about the seriousness of crimes ([@B29]; [@B38]; [@B31]). In society, attractive people also appear to lead favorable lives and enjoy favorable treatment; attractive individuals pay lower bail ([@B17]) and are more likely to be hired and promoted for jobs ([@B36]; [@B11]) than less attractive individuals, and attractive individuals are more likely to be hired than less attractive ones in interviews ([@B10]).

Some eye-tracking studies asked men to evaluate female faces and bodies to evaluate female overall attractiveness ([@B41]). Although both face and body predict women's overall attractiveness, several studies suggested that women's faces are better than their bodies as predictors of overall attractiveness ([@B13]; [@B7]). Recently, some neuro-imaging studies found that the reward-related brain area, that is, the orbitofrontal cortex (OFC), is involved in attractiveness perception, with OFC activation being more enhanced for attractive faces than for unattractive faces ([@B2]; [@B59]; [@B62]). Additionally, the late positive component (LPC) elicited by attractive faces is larger than that elicited by unattractive faces when subjects are performing an attractiveness rating task ([@B25]; [@B43]).

Studies conducted over the past few years indicated that the key factors in determining facial attractiveness are averageness ([@B51]; [@B56]; [@B64]), symmetry ([@B49]; [@B55]), sexual dimorphic feature ([@B46]; [@B16]), skin health ([@B27]), and color ([@B53]). In addition, the list of factors involved in the judgment of facial attractiveness was extended in recent studies. Facial expression ([@B42]; [@B19]) and cosmetics use in women ([@B26]; [@B52]) also affect the judgment of facial attractiveness. However, early studies introduced computational models of face recognition which use a whole-face template-like representation ([@B44]; [@B15]). As for face identification, previous studies suggested that the eyes are the most important features for face recognition ([@B50]; [@B23]; [@B40]). On the contrary, a study found that the nose is vital for face identification ([@B23]). The reason for these differences may be attributed to the different photo materials, participants, and tasks involved in the studies. However, none of these studies used eye movement in the judgment of facial attractiveness and tested which facial regions impacted attractiveness judgment. By tracking an observer's fixation position, we can directly measure which regions may contribute to the judgment of facial attractiveness.

The traditional view is that "opposites attract, and similarities repel," that is to say, attraction between opposite sexes is strong, whereas that between the same sexes is weak. Human gender differences in the judgment of facial attractiveness has become popular in recent years ([@B65]). Such as some studies found that both sexes will pay more attention to attractive faces than unattractive ones ([@B2]; [@B14]; [@B20]). There are proof shows that both men and women pay more attention to heterosexual faces than same-sex faces ([@B20]). Some behavioral studies also proved that men and women differ in their attentional adhesion to attractive female faces ([@B35], [@B33],[@B34]; [@B65]). The results of the ERP and behavior indicate that both men and women participants selectively focus on attractive women faces, and different mating-related motives may influence the selective processing of attractive men and women ([@B35]; [@B65]). In another set of studies, [@B33] proved that both genders focus on attractive women but attractive men, therefore posited that these discovery were in line with evolutionary theories which involved adaptive, lower-order mating-related perceptual attunements ([@B65]). Moreover, [@B34] used two different experiments to test attentional adhesion to attractive members of the same (potential rivals) and opposite gender (potential mates); the results indicated that attentional adhesion increased in participants who are bisexuality and those who care about threats posed by intersexual competitors ([@B65]). A study examined gender differences in recognition memory processing of female facial attractiveness used event-related potentials (ERPs) based on a study-test paradigm. The behavioral data results indicated that both sexes had significantly higher accuracy rates for attractive faces than the unattractive ones, and men reacted faster to unattractive faces. Gender differences on ERPs suggested that attractive faces elicited larger early components such as P1, N170, and P2 in men than in women ([@B65]). However, little support is found for eye movement in the judgment of facial attractiveness and tested whether participants of different genders respond differently to facial attractiveness judgment. Besides, all of them cannot explain which regions of stimulus images influence subjects' judgments. Therefore, we can directly measure that which regions of stimulus images are contribute information to the judgment of facial attractiveness at all times by tracking an observer's fixation position. In the present study, we presumed that there are differences between gender and fixation patterns during the judgment of facial attractiveness.

Materials and Methods {#s1}
=====================

Participants
------------

The participants comprised 43 university students (24 males and 19 females) between 19 and 22 years old. They were all native Chinese Han university students. The research was vetted by an Institutional Review Board. All participants signed an informed consent after they totally understand the procedure, and participants can take "take part in the experiment or not" into account fully. The participants were volunteers and they were paid some small gifts for their participation, such as cap. All of the participants had normal vision, and were right-handed. None of them had neurological or psychiatric disorder.

Stimuli
-------

Standardized facial stimuli images were developed and validated from a recently published research ([@B63]). At first, the study selected 30 images of unfamiliar Chinese young female faces (age range from 20 to 30) with neutral emotional expression among the stimuli validated by [@B63]. Then, we recorded the ratings on the attractiveness of the images of 43 participants. There are no significant differences emerged by comparing the attractiveness ratings of the previous 80 participants with the attractiveness ratings of 43 participants in this research \[attractive: 5.74, 5.94, *t*(28) = -1.21, *p* = 0.238; unattractive: 2.47,2.58, *t*(28) = -1.04, *p* = 0.307\]. There is significant difference between the attractive and unattractive faces in the present research \[5.74, 2.47, *t*(28) = 26.08, *p* \< 0.001\]. Additionally, *t*-test revealed no difference between male and female for attractive and unattractive faces in the present research, \[attractive: 5.84, 5.64, *t*(28) = 1.06, *p* = 0.299. unattractive: 2.54,2.41, *t*(28) = 0.97, *p* = 0.341\]. Finally, the study selected 30 photographs as the experimental materials (including 15 each with attractive and unattractive faces).

The experimental materials were processed to a uniform size (15 by 15 cm; 450 by 450 pixels), and transformed to 8-bit gray scales in black grounds. In addition, the other physical properties, such as color, luster and lightness, also were standardized. We use Adobe Photoshop to edit the photographs. The evaluated face images of females (including 15 each with high and low attractiveness) were transformed into a unified standard in black and white for avoiding the influence of the complexion of faces on facial attractiveness. In order to ensure the picture showed only the female's face, we removed the ears, neck and hair, except for the cheek, nose, mouth, and eyes. It should be noted that the faces were not framed in a uniform oval mask, because the faces have different shapes. We have adjusted the mask to suit the face so we can maintain the natural face of the individuals. All the images have front-on view faces with neutral expressions. Photographs were presented in random order under standardized lighting conditions and the background color of the stimuli is black. Individuals in the pictures were unknown to the experimental participants.

Procedure
---------

The experiment was carried out in a dim light room. Stimuli were presented on a 17-inch EyeLink 1000 eye tracker that with a sampling rate of 1000 Hz can record eye movements. The tracker requires head restraint and participants sat approximately 60--70 cm away from the computer screen, with the horizontal and vertical angles below 6° ([@B58]). The participants will not be reminded that the equipment are recording their eye movements after the initial calibration. Binocular eye movements were recorded during the judgment task. All the participants knew the experiment procedure before they started that they need to assess the facial attractiveness of the image in the screen one by one. Each trial comprised the following sequence: began with a fixation cross (500 ms), then the target stimulus (20000 ms), and finally followed by a rating screen of infinite time, on which all the participants rated the 30 facial stimuli images attractiveness through input the number from 1 (unattractive) to 9 (attractive). It should be noted that the eye movement screen and rating screen were not in the same screen. The time of rating screen was infinite so that the participants can press keyboard from 1 to 9 when they rated target facial attractiveness. In addition, the effect of the "rating screen of infinite time" is a transition from last seen female face to the next trial, and it was also framed to avoid the eye movement data and behavior data from interfering with each other.

Statistical Analyses
--------------------

We used SPSS 17.0 for Windows to analyze the data (SPSS, Inc., Chicago, IL, United States). The repeated-measure ANOVA was performed to compare the gender (male/female) as between factors, and area of interest (nose/mouth/eyes) as within factor. The dependent variables are the index of eye movement, include The time of first fixation, the total fixation time, the number of fixations, and the average pupil diameter. According to the Greenhouse--Geisser method, *p*-values were corrected for deviation from sphericity in all analyses. The section of results showed the main effects and interactions that based on the study hypothesis. If the main effect was significant, we were going to perform Bonferroni *post hoc* test, and simple effect test was conducted if the interaction effect was significant.

Results
=======

The time of first fixation was analyzed by repeated-measure ANOVA with regions of interest (nose, mouth, and eyes) and gender (male and female) as factors. The main effect of regions of interest is significant, *F*(2,41) = 3.919, *p* = 0.030, η^2^ = 0.09, Observed Power = 0.64. The Bonferroni *post hoc* test revealed that the time of first fixation at nose region was significantly longer than mouth and eyes (*p* \< 0.05) (the difference between the mouth and eyes region is not significant). However, the time to first fixation revealed that participants watched the eyes and the mouth first (no significant difference between the eyes and mouth region), followed by the nose. Besides, both the main effect of gender and the interaction of regions of interest and gender were not significant (see **Figure [1](#F1){ref-type="fig"}**).

![The time of first fixation on regions of interest by male and female participants.](fpsyg-08-01909-g001){#F1}

The total fixation time was analyzed by repeated-measure ANOVA with regions of interest (nose, mouth, and eyes) and gender (male and female) as factors. There was a significant main effect for the regions of interest, *F*(2,41) = 4.485, *p* = 0.019, η^2^ = 0.10, Observed Power = 0.71. Bonferroni *post hoc* test revealed that the total fixation time at nose region was significantly longer than mouth and eyes (*p* \< 0.05) (the difference between the mouth and eyes region is insignificant). However, both the main effect of gender and the interaction of regions of interest and gender were not significant (see **Figure [2](#F2){ref-type="fig"}**).

![The total fixation time on regions of interest by male and female participants.](fpsyg-08-01909-g002){#F2}

The number of fixations was analyzed by repeated-measure ANOVA with regions of interest (nose, mouth, and eyes) and gender (male and female) as factors. The main effect of regions of interest is significant, *F*(2,41) = 8.876, *p* = 0.001, η^2^ = 0.18, Observed Power = 0.96. Bonferroni *post hoc* test revealed that the number of fixations at nose region was significantly more than the eyes and the mouth region (*p* \< 0.05) (no significant difference between the mouth and eyes area). The main effect of gender is present, *F*(1,42) = 4.497, *p* = 0.040, η^2^ = 0.10, Observed Power = 0.54. Bonferroni *post hoc* test revealed that the number of fixations of male participants was significantly more than female participants (*p* \< 0.05). However, the interaction of regions of interest and gender were not significant (see **Figure [3](#F3){ref-type="fig"}**).

![The number of fixations on regions of interest by male and female participants.](fpsyg-08-01909-g003){#F3}

The average pupil diameter was analyzed by repeated-measure ANOVA with regions of interest (nose, mouth, and eyes) and gender (male and female) as factors. There was a significant main effect for regions of interest, *F*(2,41) = 13.838, *p* \< 0.001, η^2^= 0.25, Observed Power = 0.99. Bonferroni *post hoc* test revealed that the average pupil diameter at nose region was significantly bigger than the eyes and the mouth region (*p* \< 0.05) (no significant difference between the mouth and eyes area). However, both the main effect of gender and the interaction of regions of interest and gender were not significant (see **Figure [4](#F4){ref-type="fig"}**).

![The average pupil diameter on regions of interest for male and female participants.](fpsyg-08-01909-g004){#F4}

Discussion
==========

Our results suggest that the first and total fixation time for the nose region is significantly longer than that for the eyes and mouth region (*p* \< 0.05) and that the number of fixations on the nose region is significantly greater than the eyes and mouth (*p* \< 0.05). In addition, there has no significant difference between the mouth and eyes in terms of the indexes of fixations. These findings are in line with existing research ([@B23]). [@B23] noted that two fixations are sufficient when people recognize face; the position of the two fixations are around the center, and the first fixation located to the left of the center slightly.

Empirical evidence of this study revealed that the regions of interest on the nose differed significantly from eyes and mouth for the average pupil diameter, and there has no significant difference between the mouth and eyes in the average pupil diameter. Some past research discovered that pupil diameter increases as a result of sexual arousal ([@B4]; [@B21]) and novelty ([@B1]). A recent study found a positive correlation between pupil size and aesthetic ratings, which means that the bigger the pupil size, the higher the aesthetic rank are ([@B6]; [@B45]). These results suggested that the nose is the most important component for the judgment of facial attractiveness. In addition, luminance can vary across images and thus causes considerable variation in pupil size ([@B32]; [@B8]). Therefore, photographs are developed under standardized lighting conditions to reduce this bias.

However, only significant effect was observed for gender on the number of fixations, and male participants was significantly more than female participants (*p* \< 0.05). No significant regions of interest × gender interaction were identified in any index of eye movement in the present study. We presumed that males are pay more attention to females' facial attractiveness. This view is consistent with the evolutionary perspectives because only through this can they make mate choices and produce offspring. These results are consistent with existing research suggesting a gender difference in the judgment of facial attractiveness ([@B28]; [@B61]). The study by [@B61] found that excessive motivation to prolong men's viewing time of normal babies vs. shorten women's exposure to abnormal babies. The study of [@B28] showed that the non-physical factors have more impact on females than males, and there has large individual differences in sex. This finding is also consistent with the traditional view and the evolutionary point of view. The traditional view is that "opposites attract, and similarities repel," that is to say, attraction between opposite sexes is strong, whereas that between the same sexes is weak.

In addition, our study revealed that participants watch the eyes and mouth first, followed by the nose, and no significant difference was observed between the mouth and the eyes; such finding is in line with existing research ([@B54]; [@B40]). The study by [@B54] noted that the eyes have spatio-temporal dynamics that help face recognition in a flash. Nguyen's study ([@B40]) added that age and fatigue judgments are related to preferential attention toward the eye region. Another similar investigation also found that personal evaluation was moderated by the direction of gaze shifts ([@B37]). From the perspective of face identification, numerous studies generated different conclusions. Some studies indicated that the eyes are the most important features for face identification ([@B50]; [@B23]; [@B40]) on the contrary, another study suggested that nose is vital for face identification ([@B23]). One possible reason for these differences could be the use of different photo materials, participants, and tasks.

These findings suggest that the nose might be vital in the judgment of facial attractiveness. Based on the saliency literature ([@B48]), visual saliency have been checked to indicate that nose regions are not more salient than the other regions of face from both the high attractive faces and the low attractive faces (see the figures in the Supplementary Material). Some study suggested that nose is vital for face identification ([@B23]). East Asians recognize faces by focusing on the region in which integrating information holistically would be optimal and economical, that is, the center of the face (i.e., nose). Because retinal cell density differ among areas in eyes and visual resolution decrease sharply toward the peripheral visual field, the center of the face may become the most favorable spatial location to obtain facial feature information. An early empirical work discovered that direct or excessive eye contact may be considered rude in East Asian cultures ([@B3]) and that this social norm is probably the cause of gaze avoidance among East Asian observers. To some extent, the holistic perceptual strategies used by East Asian observers could explain the East Asian fixation bias toward the nose region ([@B12]; [@B39]). However, the previous studies in the bubbles process suggested that the most important features in face identification are the eyes ([@B50]; [@B40]). The standard measure to modeling eye fixation and visual attention are usually based on a salient map, which is calculated according to biological motivated features selection for information maximization. These models predict that the observer gaze the eyes when they view faces, but this is not consistent with our results that suggested eye movements in the facial attractiveness judgment task are different from those in the scene viewing task or visual search task ([@B60]; [@B24]).

In sum, the results of this study add a new dimension to the existing literature on judgment of facial attractiveness. The major contribution of the present study is the finding that the area of the nose is vital in the judgment of facial attractiveness. This finding establish a contribution of partial processing on female facial attractiveness judgments during eye-tracking. Considering these novel findings, we believe that future work should also use eye movement to explore facial attractiveness along with other factors, such as social status, personality, and facial emotion. Nevertheless, additional research is necessary to assess the ability of observers to rate male or female objects.
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